The aim of this study was to assess the status of cardiovascular health among a rural population in Northwest China and to determine the associated factors for cardiovascular health.
Introduction
Cardiovascular disease (CVD) has been the leading cause of morbidity and mortality in developed countries [1, 2] and some developing countries, such as China. [1, 3] The 2013 Global Burden of Disease Study showed that cardiovascular deaths accounted for almost a third of all deaths globally. [1] In China, CVD is responsible for 41% of all annual deaths, and the increase in CVD mortality in rural residents is greater than that in urban citizens. [3] The American Heart Association (AHA) Strategic Planning Task Force and Statistics Committee [4] developed the concept of "cardiovascular health" along with 7 health metrics, which were categorized as 4 health behaviors (smoking, diet, physical activity, body mass index [BMI] ) and 4 health factors (smoking, blood pressure, total cholesterol [TC] , fasting plasma glucose [FPG] ). Given the importance of abstinence from smoking and smoking cessation for health promotion, smoking is listed in both the health factors and health behaviors. [4] With the use of the 7 metrics, the cardiovascular health status for a whole population is defined as ideal, intermediate, or poor. [4] Epidemiologic evidence indicates that ideal cardiovascular health is associated with a lower risk of CVD, [5] [6] [7] lower mortality rates of CVD and lower all-cause mortality, [8] [9] [10] as well as disease-free survival, better quality of life, and lower healthcare costs. [4] Several studies have determined the status of the AHAdefined cardiovascular health in the USA and European populations. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] However, the AHA's construct of cardiovascular health has not been widely used among populations from developing countries. There are no data available on the status of cardiovascular health, health behaviors, and health factors among rural populations of China. The purpose of this study was to assess the status of cardiovascular health and its associated metrics among rural adults in Northwest China.
Methods

Study population and data collection
A population-based cross-sectional study was conducted in the rural areas of Hanzhong, Shaanxi Province, in Northwest China between October 2010 and November 2010 to estimate CVD risk factors among rural adults. Hanzhong is relatively poor and less developed than the coastal, eastern and southern regions of China. A stratified cluster random sampling method was used for sample selection. There are 9 "township" regions in the study area, and an average of approximately 17 (ranging from 15 to 36) villages in each township region. We stratified the study according to the township, that is, each township was a stratum, and 1 village (cluster) was randomly chosen from each township. Using residential registration data, all the available and eligible adults in the chosen villages were informed and invited to participate in the survey several days before the survey. In each chosen village, adults who consented and came to the clinic of the village doctor, where the interview and physical examination were conducted, on a nominated survey day were chosen as subjects of the survey.
Information on the participants was collected through an interview that collected their age, sex, education, marital status, family economic level, smoking, physical activity, history of clinical CVD (coronary heart disease, heart failure, myocardial infarction, stroke, or other heart-related conditions), hypertension, diabetes and dyslipidemia, use of antihypertensive, antidiabetic and dyslipidemia medications, and family history of hypertension. Blood pressure was measured by trained doctors from the Hanzhong People's Hospital after the subject had rested for at least 5 minutes, using a standard mercury sphygmomanometer with the participant in the sitting position. Two blood pressure measurements separated by a 2-minute interval were obtained, and the mean of the 2 readings was used as the blood pressure value. Height and weight were measured with participants standing without shoes or heavy outer garments, from which BMI (kg/m 2 ) was calculated. Dietary intake and alcohol consumption (including grape wine, rice wine, beer, and liquor) within the past year were assessed using a semi-quantified food frequency questionnaire. According to the reference in the Dietary Guidelines for Chinese (25 g/d alcohol for men and 15 g/d alcohol for women), [20] alcohol consumption was classified into 3 categories: nondrinking (did not consume any type of alcohol or consumed <1 drink per month), moderate drinking (men consumed 25 g/d alcohol and women consumed 15 g/d alcohol), and heavy drinking (men consumed >25 g/d alcohol and women consumed >15 g/d alcohol). To identify the family economic status of the participants, a wealth index based on communication tools, transportation tools, sources of water, and monthly incomes and expenses of the whole family was derived using a principal component analysis. The first principal component was selected as the wealth index. The participants' family economic level was categorized into 3 groups of low, moderate and high, according to the tertiles of the wealth index. [21] The overnight fasting blood sample was collected from each subject by a qualified nurse. The fasting time was verified before blood sample collection, and the participants who had not fasted for at least 8 hours did not have their blood drawn. FPG and TC levels were analyzed enzymatically. Detailed information on the sampling, data collecting, and blood sample collecting, transporting, storing and analyzing have been described previously. [22] 2.2. Definition of cardiovascular health metrics and cardiovascular health
In accordance with the AHA's definition, [4] the status of each cardiovascular health metric was categorized as "ideal," "intermediate," and "poor" as follows. 
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Statistical analyses
The Complex Samples Procedure of SPSS 13.0 for Windows (SPSS Inc., Chicago, IL) was used for statistical analyses, accounting for township strata and village clusters. All statistical tests were 2-tailed, and statistical significance was set at P < 0.05. Continuous variables are presented as the mean ± SD. Categorical variables are presented as percentages. The proportions of ideal, intermediate and poor categories for each metric, and the overall cardiovascular health were calculated and adjusted for age and/or sex according to the 2010 Chinese National Census Population distribution. Differences between means were compared using general linear models. Chi-square tests and Fisher's exact tests were used to compare percentages. Multiple logistic regression was used to evaluate the association between ideal cardiovascular health (dependent variable) and its associated factors.
Results
General characteristics of the study population
A total of 3016 residents aged 20 to 80 years took part in the survey. However, 2693 participants had complete interview, diet, physical examination and blood sample data, and were included in the analysis. Forty-one participants who had no blood sample data (including 20 who refused to draw blood sample and 21 who did not fast overnight), 276 who had incomplete information on health factors or health behaviors, and 6 who had extreme energy intake (>5000 kcal/d or <500 kcal/d) were excluded.
The socio-demographic characteristics and history of relevant diseases of the participants in the analysis are shown in Table 1 . There were 899 (33.4%) participants who were men and 1794 (66.6%) who were women. The mean age of the participants was 51.4 ± 11.5 years. Most (99.9%) of the participants were ethnic Han Chinese, and 53.9% of them finished middle school education or above. A total of 92.2% participants were married. No statistically significant differences with respect to sociodemographic characteristics were detected between the 2693 subjects with complete data and the 323 excluded participants with incomplete data. Table 1 Characteristics of the study participants at the time of survey.
Characteristics
Men (n = 899) Women (n = 1794) Total (n = 2693) P * Age, y, mean ± SD 52. 
Distribution of individual cardiovascular health metrics
The distribution of individual cardiovascular health metrics in the study population is shown in Table 2 . Most of the participants met the ideal cardiovascular health metrics for smoking, BMI, physical activity, TC, and FPG (68.0%, 80.0%, 85.1%, 81.5%, and 84.3%, respectively), whereas most of the participants' diet and blood pressure levels were classified into intermediate and poor categories. Only 2.8% of the participants fulfilled 4 to 5 items of healthy diet, and 38.8% of the participants' blood pressure values were <120/80 mm Hg. The percentages of women who met the ideal level for smoking, BMI, physical activity, blood pressure, and FPG were higher than those of men (all P < 0.01). Only for TC, the percentage of men who met ideal level was higher than that of women (P = 0.006). The percentages of men and women who met the ideal level of healthy diet were both low, and there was no gender difference (2.5% vs 3.0%, P = 0.406). The most prevalent poor metric was smoking (59.9%) for men and healthy diet (26.1%) for women. Except for sugar-sweetened beverages intake, the healthy diet components were poorly met. Almost all participants (96.3% in total, 95.1% in men, and 97.5% in women) achieved the goal of sugar-sweetened beverages intake. However, only 52.2% (52.4% in men and 52.1% in women), 36.6% (34.2% in men and 39.0% in women), 8.4% (9.2% in men and 7.7% in women), and 7.6% (8.5% in men and 6.6% in women) of the participants achieved the goal of fiber-rich whole grains, fruit and vegetable, sodium, and fish intake, respectively.
Distribution of cardiovascular health status
As presented in Table 2 , only 0.5% participants achieved ideal cardiovascular health, and the proportion for men was lower than that for women (0.0% vs 0.9%, P = 0.002). The proportion of intermediate cardiovascular health was also low (33.8%), and it was lower in men than in women (18.0% vs 50.0%, P < 0.001). The remaining 65.7% of the participants had poor cardiovascular health. The prevalence of poor cardiovascular health increased with increasing age (P < 0.001 for trend, Fig. 1) .
The participants fulfilled, on average, 4.4 (95% confidence interval [95% CI]: 4.2-4.7) ideal cardiovascular health metrics, with a decrease across age-groups (from 5.1 [95% CI: 4.7-5.4] in participants <25 years old to 3.9 [95% CI: 3.8-4.0] in participants 65 years or older; P < 0.001, Fig. 2 ). Women exhibited a higher number of ideal metrics than men across all age Table 2 Distribution of individual cardiovascular health metrics and overall cardiovascular health status.
Characteristics
Men 10 .5% in women, P < 0.001). Only 19.4% of the participants presented with 6 or more ideal metrics (4.6% in men vs 34.5% in women, P < 0.001, Fig. 3 ). The proportion of subjects who had 6 or more ideal metrics significantly decreased with increasing age, from 34.6% in participants under 25 years old to 3.9% in participants 65 years old or over (P < 0.001 for trend). A total of 24.1% of the participants were ideal on all 4 health factors, and only 1.1% were ideal on all 4 health behaviors; the proportions of men were lower than those of women (9.0% vs 39.6% on all 4 health factors, 0.1% vs 2.2% on all 4 health behaviors, both P < 0.001).
Multiple logistic regression analyses
Because of the low percentage (only 0.5%) of the participants who met the ideal cardiovascular health, having 6 or more ideal metrics with no history of clinical CVD was used as one category (ideal cardiovascular health) and having 5 or less ideal metrics or with a history of clinical CVD was used as another category (nonideal cardiovascular health) of outcome in the Complex
Samples multiple logistic regression analysis on the associated factors for ideal cardiovascular health. History of hypertension, diabetes, dyslipidemia, and CVD were controlled for in the logistic regression model. The results are presented in Table 3 
Discussion
This study is the first population-based study to use the AHAdefined construct of cardiovascular health among the rural population in Northwest China. The results of our study showed that the prevalence of ideal cardiovascular health was extremely low, whereas poor cardiovascular health was prevalent among the rural population in Northwest China. The estimated low prevalence (0.5%) of ideal cardiovascular health among the study population is consistent with the results from the USA (0.1-3.3%), [2, 5, [9] [10] [11] [13] [14] [15] [16] from Spain (0.2%), [17] from Srpska (0.02%), [18] from Italy (1.9%), [19] in urban adults from China (0.5%) [25] and from a health examination population in Southeast China (1.1%). [26] Our results add to previous reports that the prevalences of ideal cardiovascular health are very low in various countries and populations and indicate that effective efforts are needed to improve cardiovascular health levels among the rural population in Northwest China to prevent an epidemic of cardiovascular diseases.
Our study showed that women had a better cardiovascular health profile than men. This sex difference might be accounted for by the much higher prevalence of current smoking (59.9% vs 1.2%) whereas a lower prevalence of ideal physical activity [27] Efforts should be taken to cease smoking and promote recreational physical activities and exercise among the rural population, especially among men, in Northwest China.
Moreover, our study found that the proportion of adults who met the ideal level on all 4 health behaviors (1.1%) was much lower than that of all 4 ideal health factors (24.1%). This finding indicates that education and interventions to promote people's lifestyle are much more necessary to improve the cardiovascular health among rural adults in Northwest China. A healthy diet was the least prevalent cardiovascular health metric among the study population. Only 8.4% of rural adults in Northwest China reached the goals for sodium intake. Studies showed that high sodium intake was a major risk factor for hypertension and increased the risks of heart attack, stroke, left ventricular hypertrophy, obesity, and renal disease. [28] Modest reductions in dietary salt could substantially reduce cardiovascular events and medical costs. [29] [30] [31] Du et al [32] reported that the Chinese population's sodium intake decreased from 6.6 g/d in 1991 to 4.7 g/d in 2009 but remained at double of that recommended. In China, sodium intake was higher in rural areas than in urban areas [32] and higher among Northerners than among Southerners; most of the dietary sodium was from salt added in home cooking. [33] Therefore, population strategies and measures targeted at individuals to reduce salt intake are necessary and urgent for the prevention and control of CVD among the rural population in Northwest China. Anderson and colleagues suggested that efforts to remove excess sodium from diets in rural China should focus on reducing salt in home cooking. [33] Moreover, because of the salt monopoly in China, introducing a low-sodium salt substitute and convincing the salt industry to gradually reduce the sodium content in China's entire salt supply may be possible. [34] Physical inactivity is the greatest public health problem of the 21st century. [35] It has a major health effect worldwide, resulting in 6% burden of disease from coronary heart disease, 7% from type 2 diabetes, 10% from breast cancer, and 10% from colon cancer. [36] A decrease in or removal of this unhealthy behavior could improve health substantially. [36] The population of our study was composed of farmers in the rural areas of Northwest China. They usually worked in farming, and in the slack seasons, some of them went to work at rural factories as "blue-collar" workers. Studies showed that in China, more rural residents participated in work-related physical activity than their urban counterparts. [37] Rural residents' intensity of physical activity during working hours was greater than that of urban citizens. [38] However, with China's rapid urbanization and economic growth in the past few decades, decreases in physical activity have been reported for several domains, including occupation, transportation and household activity, and work-related physical activity decreased in both rural and urban residents, but the rate of decrease was greater in rural areas than that in urban areas. [27, 38, 39] Moreover, compared with urban citizens, rural residents are more likely to be physically inactive in leisure time. [40] Previous studies showed that the prevalence of metabolic syndrome (12.8% for men, 17.4% for women, 15.1% overall), according to the modified National Cholesterol Education Program Adult Treatment Panel III criteria, in this rural population was lower than the prevalence among urban adults in China (28.4% for men and 35.1% for women) and much lower than the prevalence among US adults (32.8% for men, 36.6% for women, 34.7% overall). [22, 41, 42] A meta-analysis also showed that the Chinese people in urban areas (24.9%) were more likely to suffer from metabolic syndrome than those in rural areas (19.2%). [43] Lower physical activity, lower intake of fruits and vegetables, and greater consumption of animal fat among urban citizens than rural residents might account for the difference in prevalence of metabolic syndrome between urban and rural areas. However, the rapid economic development and urbanization in China during the past few decades has increasingly promoted a sedentary lifestyle, an elevated consumption of energy-dense foods, and greater psychological stress, all of which increase the risk of metabolic syndrome, type 2 diabetes and CVD. [44] [45] [46] [47] [48] [49] This has had a greater impact on rural residents, who generally have a lower education level, lower economic status, less awareness and knowledge of risk factors for health and poorer access to health care than urban residents. [44, [47] [48] [49] [50] [51] [52] [53] Studies showed that the prevalence of metabolic syndrome and CVD mortality increased more among rural residents than urban residents during the past decade, and the gap between urban and rural residents became narrowed. [3, 44] The burden of CVD will shift quickly to the rural people in China.
Thus, intervention strategies to promote physical activity, especially physical activity during leisure-time to compensate for declines in occupational and household activity, should be a major health priority in rural China. Fortunately, improving the availability of exercise facilities in communities and implementing fitness projects for rural residents have become a national policy, as highlighted in China's Twelfth Five-Year Plan (2011) (2012) (2013) (2014) (2015) for Building the Public Sport Infrastructure. [54] This plan advocates the cooperation of central and local governments with civil society and public and private stakeholders to build new exercise facilities, such as community fitness parks and roadside open spaces with exercise and sports equipment, and to enhance the accessibility of existing facilities, for example, by opening the gymnasium and exercise facilities of schools, governments, enterprises, and organizations to the public. [54] Moreover, school education and mass media campaigns are also needed to improve the health behaviors of rural residents. They could protect people's health by providing health information, improving health literacy, and promoting physical activity, healthy diets, and other healthy behaviors. [55] 
Limitations
Our study has some limitations. First, concerning data quality, although most health metrics were measured reliably and objectively, the physical activity data in the study population may be subject to reporting bias because they were based on selfreporting and evaluated according to the type and frequency of physical activity at work and due to housework in the past year. Specific instruments of physical activity were not used and the amount of activity (minutes per week) could not be derived. Second, some factors that may relate to CVD status were not recorded at all. For example, information about the participants' family history of diabetes, stroke, coronary heart disease, and other cardiovascular diseases, as well as medication use for conditions except for hypertension, diabetes, or dyslipidemia were not collected in the study. Thus, we could not analyze the association between these variables and cardiovascular health status in the study population. As a result, the observed differences in health metrics may be confounded by unobserved heterogeneity. Third, all measurements of health behaviors and health factors were obtained from a single visit on the examination day; thus, there is a possibility of misclassification. For example, blood pressure measurement from a single visit usually overestimates hypertension prevalence. [56] However, measurements from a single visit are often used in epidemiologic studies. Fourth, recall bias may be another limitation in the measurement of physical activity, diet, smoking, and other information determined from questionnaires. Therefore, future studies are needed to confirm the cardiovascular health status and its associated factors among the rural population in Northwest China.
Conclusions
Our study indicated that the prevalence of ideal cardiovascular health was extremely low among the rural population in Northwest China, and most adults, especially men and the elderly, had a poor cardiovascular health status. To improve cardiovascular health among the rural population in Northwest China, efforts, especially lifestyle improvements, education and interventions to make healthier food choices, reduce salt intake, increase physical activities, and cease smoking, will be required at the individual, population and social levels, and should begin at a young age. investigators for their contributions to data collection. Thanks also go to the editor and reviewers of the manuscript for their constructive comments and suggestions.
